INTRODUCTION
Supplementation of whey powder in diets improves the growth performance of nursery pigs (Graham et al., 1981; Mahan, 1993) . The increased growth performance is primarily related to a carbohydrate fraction (lactose) of whey powder (Mahan, 1992) . Lactose is more digestible than corn starch as the primary carbohydrate source in nursery diets ABSTRACT: The experiment investigated the effects of a supplemental candy coproduct (Chocolate Candy Feed [CCF] ; International Ingredient Corp., St. Louis, MO), an alternative carbohydrate source to dietary lactose, on growth performance and on health status of nursery pigs. Crossbred pigs (n = 1,408; 21 d of age and 7.1 ± 0.3 kg BW; Smithfield Premium Genetics, Rose Hill, NC) were randomly assigned to 4 treatments (16 pens/treatment and 22 pigs/pen) in a randomized complete block design: 0, 15, 30, and 45% of lactose replaced by CCF based on equal amounts of total sugars. The experimental period was divided into 3 phases: phase I (1.8 kg diet/pig for 11 ± 1 d), phase II (6.8 kg diet/pig for 17 ± 2 d), and phase III (until 49 d after weaning). Pigs received a common phase III diet. The levels of lactose, supplied by whey permeate (79.3 ± 0.8% lactose), were 20, 8, and 0% in phase I, II, and III, respectively. All experimental diets contained the same levels of essential AA and energy (ME) for each phase. Fecal scores were observed on d 5, 7, and 9 after weaning. Blood samples were taken at the end of phase I and II to measure blood urea N. The duration of phase I tended to linearly decrease (P = 0.063) with increasing CCF. In phase I, the ADFI increased (P < 0.05) with increasing CCF whereas ADG and G:F did not change. In phase II, the duration and ADFI did not change whereas ADG linearly decreased (P < 0.05) with increasing CCF. However, the G:F was not changed as CCF increased. During phase I and II together, the duration was linearly decreased (P < 0.05) as CCF increased, whereas no difference in growth performance was observed. Overall, ADFI, ADG, and G:F were not affected by replacing whey permeate with CCF in diets, indicating no adverse effects of a candy coproduct as a carbohydrate substitute to lactose on growth performance of nursery pigs. Blood urea N did not change in phase I but tended to linearly increase (P = 0.088) in phase II as CCF increased. There were no differences in fecal scores and mortality as CCF increased. However, increasing CCF tended to linearly decrease (P = 0.083) morbidity, which implies no adverse effects of a candy coproduct replacement on health status of nursery pigs. In conclusion, a candy coproduct can be used to replace up to 45% of dietary lactose for nursery pigs without negative effects on growth performance or health status. A candy coproduct could be an economical alternative to partly replace the use of lactose in swine production. (Tokach et al., 1989; Jin et al., 1998) . Many recent studies have shown improved growth performance, feed intake, and feed efficiency of nursery pigs when whey powder, whey permeate, or crystalline lactose were included in corn-soybean meal-based diets, providing as much as 14 to 30% of lactose in early nursery phases and 7.5 to 15% of lactose in mid to late nursery phases (Nessmith et al., 1997; Mahan et al., 2004; Cromwell et al., 2008) . Alternative carbohydrate sources in animal feeds have been investigated because of decreased availability and increased cost of lactose (Maxwell et al., 1998) . Economic analysis showed that the price of whey powder and crystalline lactose increased dramatically from US$0.44 and $0.40/kg in 2002 to $1.39 and $1.22/kg in 2014, respectively (Gould, 2014) . Glucose and lactose are equally efficient as energy sources for nursery pigs (Kidder and Manners, 1978; Sambrook, 1979; Richert et al., 1996) . Sucrose and fructose are poorly utilized by baby pigs because of their low conversion rate to glucose; however, the ability to utilize sucrose and fructose increases with age (Aherne et al., 1969; NRC, 2012) . Carbohydrate products consisting of sucrose and glucose could partially replace lactose in nursery diets without negative impacts on growth performance (Kim and Allee, 2001; Mavromichalis et al., 2001; Naranjo et al., 2010a) .
Chocolate Candy Feed (International Ingredient Corporation, St. Louis, MO) is a candy coproduct containing 50.9 ± 0.5% of sugars from the food and candy industries. The price of a candy coproduct is about 45% of the price of whey powder and 68% of the price of whey permeate in 2015. Therefore, the objective of this study was to evaluate the efficacy of a candy coproduct as an alternative carbohydrate source for lactose on growth performance of nursery pigs.
MATERIALS AND METHODS
A protocol for the use of animals in this study was approved by North Carolina State University Animal Care and Use Committee.
Animals and Design
The experiment was conducted in a research farm at Murphy Brown LLC (Rose Hill, NC). A total of 1,408 crossbred pigs (Smithfield Premium Genetics, Rose Hill, NC), weaned at 20 ± 1 d of age with 7.1 ± 0.3 kg BW, were used to evaluate the effects of the replacement of whey permeate with a candy coproduct (Chocolate Candy Feed [CCF] ) on growth performance during a 49-d postweaning period. Newly weaned pigs were randomly allotted to 4 treatments: 0, 15, 30, and 45% of lactose replaced by CCF based on equal amounts of sugars. Each treatment contained 16 replicates (16 pens/ treatment and 22 pigs/pen). The experimental period was divided into 3 phases. Phase I and II were defined as a period of time that pigs consume a certain amount of feeds (1.8 kg feed/pig for phase I and 6.8 kg feed/ pig for phase II), whereas phase III ended on d 49 of postweaning. The actual length of phase I and II varied at the range of 11 ± 1 and 17 ± 2 d among treatments, respectively. Each phase was ended when pigs in a pen consumed all feed given. Body weights of pigs in each pen were measured at the end of each phase. Therefore, the duration of each phase could be different among pens depending on feed intake. Pigs were fed 4 experimental diets during phase I and II followed by a common diet during phase III. Whey permeate (DairyLac80; International Ingredient Corporation) containing 79.3 ± 0.8% lactose was used as a source of lactose. Chocolate Candy Feed contains 50.9 ± 0.5% sugars, which mainly include sucrose, glucose, fructose, and lactose. Whey permeate and CCF were sampled from the same batch of ingredients used in experimental diets to measure composition of sugars (O'Neal Scientific Services Inc., St. Louis, MO) using HPLC (method 980.13; AOAC, 2006; Table 1 ). Calculated concentrations of standardized ileal digestible Lys were 1.34 and 1.19 for phase I and II, respectively. Levels of dietary lactose were 20, 8, and 0% for phase I, II, and III, respectively. Phase I and II diets were mixed and pelleted at the North Carolina State University Feed Mill (Raleigh, NC). Phase III diet was mixed and pelleted at the feed mill of Murphy Brown LLC and contained 89.5% cereal grain, 1.14% crystalline AA, 0.41% trace mineral, and 0.10% salt with calculated concentrations of 89.37% DM, 3.5 Mcal/kg ME, 22.2% CP, and 1.47% total Lys. Nutrient composition of experimental diets was presented in Tables 2 and 3. All diets in 3 phases were formulated to meet the NRC (1998) nutrient requirements. 
Housing and Sampling
All pigs were housed in 4 temperature-controlled nursery rooms. Each room contained 16 pens, which were randomly allotted to 4 treatments (4 pens per treatment per room). Space allowance was 0.76 m 2 /pig. All pigs were allowed ad libitum access to feed and water. Each pen was equipped with 2 nipple drinkers.
For each treatment, mortality during the overall nursery period was defined as "the number of dead pigs" divided by "the number of pigs initially assigned." Morbidity during the overall nursery period was defined as "the number of pigs under conditions of death, disability, and poor health indicated by weight loss" divided by "the number of pigs initially assigned to each treatment" (mortality was included in morbidity). Experimental diets were delivered to each feeder by the Howema Feeding System (Big Dutchman Inc., Holland, MI) once a day (0800 h) during phase I, twice a day (0800 and 1600 h) during phase II, and 4 times a day (0200, 0800, 1200, and 1600 h) during phase III. At the end of each phase, BW and feed intake were recorded to calculate ADG, ADFI, and G:F.
Pigs with an average BW in each pen were selected to collect blood sample (10 mL) via the external jugular vein at the end of phase I and the same pigs were bled again at the end of phase II. Blood samples were centrifuged at 3,000 × g for 10 min at 4°C to separate serum and stored at -80°C to analyze the concentration of blood urea N using a commercial assay kit (Liquid Urea Nitrogen Assay Kit; Pointe Scientific, Inc., Canton, MI) following a description by Shen et al. (2012) . Fecal scores were measured at d 5, 7, and 9 by observing fresh feces in pens using a score system scaled from 0 to 3 (0 = normal firm stool, 1 = soft stool, 2 = loose stool, and 3 = watery stool). Observation was made based on incidences of soft stool, loose stool, or watery stool regardless of the number of pigs within a pen that showed signs of diarrhea. As an example, if there was an incidence of soft stool as well as watery stool in a pen, fecal score was numbered as 3.
Statistical Analysis
Data were analyzed as a randomized complete block design with initial BW and nursery room as blocks. Individual pen was the considered an experimental unit (data of mortality and morbidity were also provided by pen). All data except for fecal score were analyzed by the MIXED procedure and a preplanned polynomial contrast of SAS 9.3 (SAS Inst. Inc., Cary, NC). Initial BW and nursery room were considered random effects; the percentage of lactose replaced by CCF was considered a fixed effect. Procedure NPAR1WAY of SAS 9.3 was used for fecal scores analysis with a Kruskal-Wallis Test (TheodorssonNorheim, 1986) . A probability level of P < 0.05 was considered significant, whereas probability of 0.05 ≤ P < 0.10 was considered a tendency. Data were presented as means. During analysis, data greater than the 75th percentile + 1.5 × the interquartile range and smaller than the 25th percentile -1.5 × the interquartile range were considered outliers and excluded from analysis.
RESULTS

Mortality and Morbidity
As shown in Table 4 , no difference was observed in mortality during the overall nursery period (d 0 to 49) when pigs were fed increasing dietary levels of CCF. The morbidity during overall nursery period tended to decrease (linear, P = 0.083) with increasing levels of CCF. Increasing replacement levels of CCF from 0 to 45% reduced morbidity by 48%.
Duration of Phase
The duration of phase I tended to decrease (linear, P = 0.063) from 11.3 to 10.4 d when pigs were fed increasing levels of CCF in diets. The duration of phase II for pigs was not different among treatments. Increasing dietary CCF decreased (linear, P < 0.05) the duration of phase I and II together from 28.4 to 26.7 d. Phase III ended on d 49 of the study, and therefore, the duration of phase III was not related to the treatment effects.
Feed Intake
During phase I, ADFI increased (linear, P < 0.05) from 164 to 178 g/d as pigs were fed diets with increasing levels of CCF. During phase II, the ADFI of pigs was not affected by replacing dietary whey permeate with CCF. During phase I and II together, ADFI was not impacted by treatments. Increasing dietary levels of CCF in phase I and II decreased (linear, P < 0.05) ADFI in phase III from 886 to 828 g/d. No difference was detected in ADFI among treatments during the overall nursery period.
Weight Gain and Feed Efficiency
Initial BW did not differ among treatments (Table  4) . During phase I, the ADG of pigs fed either CCFcontaining diets or the diet without CCF was not different. Correspondingly, the BW at the end of phase I was not different among treatments. Pigs fed increasing dietary levels of CCF had a decreased (linear, P < 0.05) ADG in phase II. No reduction of weight gain was detected during periods of phase I and II together when dietary whey permeate was replaced by CCF. The weight gain during phase III was not different among treatments. The BW at the end of phase II decreased (linear, P < 0.05) when pigs were fed increasing dietary levels of CCF. No difference was observed for BW at the end of phase III. The G:F was not affected by treatments at any phase.
Blood Urea Nitrogen and Fecal Score
Blood urea N was not different among treatments at the end of phase I. However, blood urea N levels tended to increase (linear, P = 0.088) from 10.73 to 13.30 mg/dL at the end of phase II with increasing levels of dietary CCF. Fecal scores at d 5, 7, and 9 postweaning were not different among treatments (Table 5) . 3 Morbidity during overall nursery period was calculated as "the number of pigs under conditions of death, disability, and poor health indicated by weight loss" divided by "the number of pigs initially assigned to each treatment." 4 The experimental period was divided into phase I (1.8 kg experimental diet/pig, for 11 ± 1 d), phase II (6.8 kg experimental diet/pig for 17 ± 2 d), and phase III (until 49 d postweaning).
DISCUSSION
Lactose and lactalbumin in whey powder have been identified as major components that enhance appetite and weight gain of nursery pigs (Tokach et al., 1989) . Mahan (1992) suggested that lactose in whey powder is the primary contributor to enhanced growth performance of nursery pigs, whereas growth performance was not affected when lactalbumin in whey powder was replaced by crystalline AA or corn gluten meal. The importance of lactose in whey powder is further supported by the studies that showed that crystalline lactose could replace whey powder without negative impact on growth performance (Mahan, 1993; Nessmith et al., 1997; Jin et al., 1998) . In this study, phase I and II diets contained 20 and 6.4% of lactose from 25 and 8% of whey permeate, respectively, when there was no candy coproduct (CCF) supplemented. However, results showed that partially replacing dietary lactose (up to 45%) with carbohydrates from CCF increased feed intake in phase I. The beneficial effects of CCF on feed consumption may be partially due to the increase in diet palatability, similar to the previous studies in which milk chocolate product was used during d 0 to 14 postweaning (Sullivan et al., 1992; Yang et al., 1997) . The carbohydrates from CCF including fructose and sucrose could enhance appetite (Diaz et al., 1956) . Sucrose has higher sweetness than lactose. The content of sucrose in CCF (39.2%) was greater than that in whey permeate (0%). Earlier studies showed that young pigs preferred diets containing whey powder with sucrose or other sweeteners to diets containing only whey powder (Lewis et al., 1955; Aldinger et al., 1961; Richard et al., 1974) . The use of dietary sweetener increased feed intake and the frequency of access to feed in nursery pigs (Maenz et al., 1993; Sterk et al., 2008) . In this study, increasing levels of dietary CCF enhanced feed intake and reduced the duration of phase I. As a consequence, pigs fed a diet with 45% replacement level of CCF were 1 d younger than pigs fed a diet without CCF at the beginning of phase II. Pigs with increasing levels of dietary CCF tended to have increased blood urea N in phase II. The increase of blood urea N implied that there was increased N excretion (Kohn et al., 2005) , which could be a reflection of the increase in AA oxidation and the decline in protein accretion by tissues (Campbell et al., 1988; Coma et al., 1995) . These responses are consistent with the observed reduction in ADG implying a reduction in lean tissue growth of pigs consuming increased levels of CCF in phase II.
Nursery pigs are capable of utilizing sucrose, glucose, and fructose. Lactase is the predominant intestinal carbohydrase at birth (Heilskov, 1951; Dahlqvist, 1961) . Activity of lactase decreases with age whereas activities of glucoamylase and sucrase-isomaltase increase with age (Hartma et al., 1961; Kelly et al., 1991a) . Weaning stress causes the reduced carbohydrase activities; the loss in lactase activity becomes greater than in sucrose activity because the lactase gene expresses more apically on the villi than the sucrase-isomaltase gene (Nordstrom and Dahlqvist, 1973; Kelly et al., 1991a,b) . As a result, the sucraseisomaltase activity exceeds the activities of other carbohydrases in intestinal mucosa by 4 wk of age (Hartma et al., 1961) . The increased sucrase-isomaltase activity is due to the substrate induction effects, which is indicated by the increased sucrase-isomaltase level, sucrose-isomaltase mRNA, and sodium-glucose linked transporter (SGLT-1) mRNA when sucrose is included in the diets (Manners and Stevens, 1972; Flores et al., 1988; Yasutake et al., 1995) . In addition, the major end products of CCF digestion are glucose and fructose, whereas the major end products of whey permeate digestion are glucose and galactose. Glucose is as efficient as lactose as an energy source for nursery pigs (Kidder and Manners, 1978; Sambrook, 1979) . Absorption rate of fructose might be slower than that of glucose or galactose and ingestion of fructose alone can result in malabsorption (Groen, 1937; Rumessen and Gudmand-Hoyer, 1986) . However, fructose given in a combination with glucose or supplementation of fructose as sucrose is more easily and completely absorbed than fructose fed alone (Andersson and Nygren, 1978; Rumessen and Gudmand-Hoyer, 1986 ). There were no significant differences in growth performance comparing pigs over 1 wk of age fed diets with glucose, fructose, or sucrose with those fed diets with lactose (Aherne et al., 1969) . Collectively, the mono- saccharides and disaccharides in CCF can be digested and absorbed similar to lactose in nursery pigs. Lactose in whey permeate can be fermented to lactic acid, which can increase gastric acidity, decrease passage rate of digesta, and increase utilization of other dietary components (Sewell and West, 1965; Ravindran and Kornegay, 1993) . As a substrate of lactobacilli, studies have shown that lactose increases the lactobacilli implantation in intestines (Hawley et al., 1959; Pollmann et al., 1980) and subsequently increases the amount of lactobacilli and volatile fatty acids in large intestines of nursery pigs (Pierce et al., 2006) . Increase in acidity by the fermentation of lactobacilli could inhibit proliferation of Escherichia coli and coliform (Fuller, 1977; Stewart et al., 1993) , potentially reducing scours and improving growth of nursery pigs. Sucrose and fructose can also be the available substrates for the fermentation of lactic acid bacteria. Even though lactobacilli utilize lactose better than fructose (Burgos-Rubio et al., 2000; Abdullah et al., 2005) , heterofermentative lactic acid bacteria can utilize fructose (Salminen et al., 2004) . Collectively, CCF may be less efficient than whey permeate in production of lactic acid and proliferation of lactic acid bacteria in the gut, which could be a partial reason that weight gain of pigs in phase II was smaller when supplementation of CCF increased. Jin et al. (1998) reported that replacing 20% of lactose with sucrose in the feed did not affect ADG, ADFI, and GE digestibility during 3 wk postweaning. The present study indicated that growth performance during the overall nursery period was not affected when up to 45% of dietary lactose was replaced by carbohydrates from CCF. Consistent with our findings, Kim and Allee (2001) , Mavromichalis et al. (2001) , and Naranjo et al. (2010a,b) reported that performance of nursery pigs was not reduced when less than 50% of dietary lactose was replaced by other carbohydrates from cane sucrose (100% sucrose), carbohydrate products (40 to 75% sucrose), molasses (47% glucose and fructose), or a milk chocolate product (20% lactose and 60% sugar). However, a complete removal of dietary lactose by using other carbohydrates in the feedstuffs could cause decreased growth of nursery pigs (Yang et al., 1997; Kim and Allee, 2001 ).
Morbidity of pigs was reduced with increasing levels of CCF in the feeds, indicating that fewer pigs were removed from the study when the use of CCF was increased. This potentially means that small pigs that were weak or unhealthy were removed in a treatment with less CCF, which could affect growth performance of treatments. In addition, there was a linearly reduction of ADG in phase II when pigs were fed increased dietary levels of CCF. These factors together contributed to the reduction in BW of pigs at the end of phase II in a treatment with more CCF and partly explains reduced ADFI in phase III when all pigs were fed a common diet.
Chocolate Candy Feed contains 18 mg/kg caffeine and 1,458 mg/kg of theobromine. In this study, daily intake of caffeine is 0.29 and 0.46 mg/d whereas daily intake of theobromine is 23.3 and 375.3 mg/d in phase I and II, respectively, for pigs fed diets with 45% lactose replaced by carbohydrates from CCF. Caffeine is associated with an increase in plasma epinephrine concentration (Graham, 2001; Greer et al., 1998) . Epinephrine is a central nervous system neurotransmitter released by the neurons. Studies showed intake of caffeine at pharmacological levels (a dose of 250 to 400 mg/d for a man) can affect almost every physiological system, such as the stimulation of cardiac muscle, relaxation of smooth muscle, and stimulation of kidneys to produce dieresis through the mediation of central nervous system (Rall et al., 1990; Yang et al., 1997; Graham, 2001 ). Theobromine is the major biologically active metabolite of caffeine and its effects (a dose of 460 to 690 mg/d for a man) on the central nerve system are less than what caffeine does (Eteng et al., 1997) . No toxic symptoms were observed when 10-to 12-wk-old pigs consumed diets containing cocoa meal with a calculated daily intake of 2,000 mg theobromine (Braude, 1943) . In this study, daily intake of caffeine and theobromine was far less than the amount causing pharmacological effects and, therefore, their effects on physiological response in nursery pigs could be minimal.
In conclusion, carbohydrates from a candy coproduct (CCF) can replace up to 45% of lactose without impairing growth performance, feed intake, and feed efficiency of pigs during the overall nursery period. Furthermore, partially replacing lactose with carbohydrates from CCF could increase feed intake in early nursery phases but may cause a decrease in weight gain in later nursery phases. This study implies that whey powder or whey permeate could be partially replaced by CCF in pig production as an economical alternative carbohydrate source to lactose. 
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